1. Introduction
===============

MicroRNAs (miRNA) are short sequences of nonprotein coding RNA, approximately 22 nucleotides in length. They could bind to specific regions of target mRNA transcripts, leading to mRNA degradation or translational repression.^\[[@R1]\]^ In this way, miRNA have the potential to regulate various critical biological processes, such as cell cycle, apoptosis, and differentiation.^\[[@R2]\]^ It is reported that miRNA dysregulation plays important roles in many diseases involving cancer.^\[[@R3]\]^ Growing number of reports have shown that miRNAs are important regulators participating in tumorigenesis and tumor development.^\[[@R4]\]^ Dysregulation of miRNAs can function as both tumor suppressors or oncogenes.^\[[@R5],[@R6]\]^ Recent studies have demonstrated that the expression of miRNA is found to correlate with the pathogenesis of many cancers, indicating that miRNAs may become valuable molecular markers for prognosis of tumors.^\[[@R7]\]^

MicroRNA-210 (miR-210) appears as an important regulator of cellular response to hypoxia, involving in cell cycle regulation, DNA damage repair, mitochondrial metabolism, tumor growth, apoptosis, and angiogenesis.^\[[@R8]\]^ Its functional impact is reported both as an oncogene or a tumor suppressor, depending on tumor type. It has been proved that expression of miR-210 is associated with breast cancer (BC), renal cell carcinoma (RCC), nonsmall cell lung cancer (NSCLC), glioma, pediatric osteosarcoma, and so on.^\[[@R9]--[@R13]\]^

Recently, miR-210 was revealed to have prognostic value in some retrospective studies, which indicated that upregulation of miR-210 was correlated with poor prognosis in cancer patients. However, some other studies showed insignificant or opposite results.^\[[@R22]\]^ In order to study the relationship between miR-210 and the survival of patients with cancers, we performed this meta-analysis. We discussed the possibility of using miR-210 as a prognostic marker in various carcinomas.

2. Materials and methods
========================

2.1. Search strategy
--------------------

A comprehensive search was applied to the following electronic databases PubMed, EMBASE, Cochrane Library, and Science Direct database to identify relevant studies, with the last search update on November 1st, 2016. The search strategy included the following keywords combined by "microRNA-210," "miRNA-210," "miR-210," "cancer," and "prognosis." Furthermore, additional eligible studies were collected by a manual search for relevant researches from reference list.

2.2. Inclusion and exclusion criteria
-------------------------------------

Studies met the inclusion criteria: the patients in the eligible studies with any type of carcinoma; the expression of miR-210 in cancer tissues was measured; and the association between miR-210 expression levels and survival outcome was investigated. In addition, the following criteria were used to exclude published studies: case reports, letters, and reviews without original data; non-English papers; animal or laboratory studies; and lack of key information in the pooled hazard ratio (HR) and 95% confidence intervals (CIs). When overlapping data of the same patient population were included in more than 1 publication, only the most recent or complete study was used in this meta-analysis.

2.3. Data extraction
--------------------

Two investigators (YL and YW) independently extracted the data with a standard protocol, and the result was reviewed by a 3rd investigator (XL). We extracted the following information: first author\'s surname, year of publication, type of disease, ethnicity, number of patients, miR-210 assay, survival analysis, follow-up time, and HR of miR-210 expression for overall survival (OS) with corresponding 95% CIs. Disagreements were discussed by other authors and resolved by consensus.

2.4. Statistical analysis
-------------------------

The statistical analyses were conducted using STATA software (version 12.0; StataCorp LP, College Station, TX). The pooled HR was calculated using a fixed-effects model or random-effects model to evaluate the relationship between miR-210 expression and OS. We evaluated the study heterogeneity analysis by *I*^2^ statistics.^\[[@R14]\]^ The random effects model was used when an obvious heterogeneity was observed among the included studies (*I*^2^ \> 50), otherwise the fixed effects model was selected to perform the meta-analysis. According to different diseases and ethnicity, subgroup analysis was further performed to minimize the influence of heterogeneity based on similar characteristics. Sensitivity analysis was carried out by excluding one single study one by one to check the stability and reliability on the recalculated HRs by repeating the meta-analysis. In addition, publication bias was estimated using Begg funnel plots and Eegg linear regression test, and *P* values were deemed as a significantly selective bias when less than 0.05.

3. Results
==========

3.1. Studies characteristics
----------------------------

As is shown in Fig. [1](#F1){ref-type="fig"}, 339 records for miR-210 and cancer were retrieved. After screening titles and abstracts of identified articles, 275 were excluded because they were not related to the current study. Furthermore, 7 candidate studies were excluded because they were not giving available data. Finally, 19 studies were included in this meta-analysis, which were published between March 2008 and March 2015.^\[[@R9]--[@R13],[@R15]--[@R28]\]^ Among these previous studies, the types of cancers in these studies included BC, RCC, NSCLC, glioma, and so on. Besides, 18 studies used quantification real-time PCR to measure the expression level of miR-210, and only one used the method of in situ hybridization. In addition, 12 studies were conducted on Caucasian population, and the remaining 7 studies were on Asian population. In each study, the cut-off values of miR-210 appeared to be different. The main characteristics of eligible studies were summarized in Table [1](#T1){ref-type="table"}.
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3.2. Quantitative synthesis results
-----------------------------------

In this meta-analysis, we included 19 studies, a total of 2480 cases of patients with various carcinomas. The random-effect model was used to calculate the pooled HR with corresponding 95% CIs, because of the obvious between-study heterogeneity among these studies (*I*^2^ = 72.9%). The result indicated that upregulated miR-210 might be associated with poor OS outcome in various carcinomas, with the pooled HR of 1.80 (95% CI: 1.29--2.51) (Fig. [2](#F2){ref-type="fig"}). In the stratified analysis by disease, significant results were detected in BC (HR = 2.67, 95% CI: 1.24--5.76) and glioma (HR = 2.42, 95% CI: 1.32--4.43). But, in the stratified analysis by disease restricted to RCC and NSCLC, the results were not significantly different (Fig. [3](#F3){ref-type="fig"}A). Moreover, when stratified by ethnicity, significant results were detected only in Asian populations (HR = 2.14, 95% CI: 1.37--3.34) (Fig. [3](#F3){ref-type="fig"}B). Therefore, this meta-analysis indicated that high expression of miR-210 might predict poor survival in various carcinomas, such as BC and glioma.
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3.3. Sensitivity analysis
-------------------------

The sensitivity analysis on association between the expression levels of miR-210 and OS in cancer patients was listed in Fig. [4](#F4){ref-type="fig"}, suggesting that the pooled HR or the 95% CIs were not significantly influenced. Therefore, the sensitivity analysis revealed that our results were robust and reliable.
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3.4. Publication bias
---------------------

The Begg funnel plot and Eegg test was used to evaluate the publication bias of the literatures, which did not show any evidence of obvious asymmetry (*P* = .972) (Fig. [5](#F5){ref-type="fig"}).
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4. Discussion
=============

As one of small regulatory RNA molecules, MiRNA can modulate the expression of their target genes. In addition, miRNAs play vital roles in the physiological and pathological process, including cell proliferation, apoptosis, differentiation, and stress response.^\[[@R29]\]^ Cancer is a multistep process in which normal cells undergo genetic damage along with hereditary susceptibility, which leads to the transformed phenotype characterized by deregulated gene expression and abnormal cell proliferation. During this transversion, there are many distinctive capacities such as self-sufficiency in growth, evasion of apoptosis, limitless replicative potential, growth inhibitory signals, sustained angiogenesis, and tissue invasion and metastasis in certain cancer cell.^\[[@R30]\]^ Not surprizingly, a number of miRNAs have been implicated in cancer, in view of the obvious impact of miRNAs on gene expression. The importance of miRNAs in solid tumors and their potential utility as prognostic factors have become apparent.

MiR-210 is the miRNA most frequently associated with hypoxia which is a common feature of tumors.^\[[@R31]\]^ Recent studies have demonstrated that expression of miR-210 was highly upregulated in hypoxic cells. It is located in an intron of a noncoding RNA, which plays important roles in cell survival and tumor initiation. It has been reported that its expression is elevated in various cancers involving BC, osteosarcoma, glioblastoma, head and neck cancer, NSCLC, RCC, and other solid tumors.^\[[@R9]--[@R13]\]^ A growing number of studies found that miR-210 could function as a prognostic marker. Among them, Toyama et al^\[[@R9]\]^ found low miR-210 expression experienced significantly better disease-free and OS than those with high miR-210 expression in BC, which could be an independent factor. Moreover, study from Cai et al^\[[@R13]\]^ suggested that miR-210 upregulation showed a strong correlation with tumor aggressive progression of pediatric osteosaroma and could help prognostic screening of patients with this malignancy. However, some studies made the opposite results. Eilertsen et al^\[[@R10]\]^ found that low expression of miR-210 was significantly and independently associated with a worse prognosis. Studies from Wotschofsky et al^\[[@R21]\]^ identified that the expression of miR-210 could not be a predictive factor in RCC by the methods of multivariate Cox regression. Whether miR-210 acted as a tumor suppressor or an oncogene remained elusive. Thus, we conducted this meta-analysis to investigate the relationship between miR-210 expression and the survival in patients with cancer. Meanwhile, we also discussed the possibility of using miR-210 as a prognostic marker in various carcinomas.

In summary, the outcomes of previous studies depicting the association between high expression of miR-210 and the OS in various carcinomas remained inconclusive and controversial. The causes of these conflicts among them might be the various ethnicities, the relatively small sample size of each single study, the different kinds of diseases and the different methodologies in these published studies. However, since then, no meta-analysis explored such relationship. Recently, as the relevant studies published about association between expression levels of miR-210 and poor OS in various carcinomas has continued to increase, our meta-analysis was the first systematic evaluation to conduct a comprehensive evaluation of such relationship.

We performed this meta-analysis to illustrate controversial conclusions to make reliability of our meta-analysis and provide the most comprehensive understanding of such associations by different subgroup analysis. Accordingly, we took advantage of meta-analysis to explain this possible association. The elevated miR-210 expression level might be associated with poor OS outcome in various carcinomas. In addition, when stratified by different types of tumor, statistically significant increased the poor OS was shown in BC and glioma. Different kinds of tumor had their own various unique characteristics, which might lead to different statistical results. Besides, in the subgroup analysis by ethnicity, significant results were found only in Asian populations. Although the exact mechanism was unknown, it was likely that changes of different expression levels of miRNA in various tumors might have an important influence in different ethnic groups with various genetic backgrounds. In the current meta-analysis, our results revealed high expression of miR-210 might predict poor survival in various tumor, especially among BC and glioma.

The present meta-analysis found that elevated expression of miR-210 did indeed predict poor survival in patients with a variety of carcinoma. However, there are several limitations in our meta-analysis. First, though 19 studies were included in this meta-analysis, only a few articles were searched in a certain tumor, which might weaken the reliability of our results. Thus, more well-designed clinical studies with large cases of each specific cancer should be performed in the future to validate the relationship between miR-210 expression level and prognosis of cancerous patients. Second, the cut-off value of miR-210 should better be clearly defined. Thereby, a more precise analysis would have been performed if more clear and unified cut-off value was defined. What is more, the obvious heterogeneity existed in our meta-analysis and probably due to the difference in races, the tumor types, the disease stages, the cut-off value of miR-210 expression, the duration of follow-up, and so on. In addition, only studies with full text from English databases were selected, which might have led to publication. Furthermore, we did not have enough data in all studies published to adjust estimates by other influencing factors, including gender, age, lifestyle, and so on in the present meta-analysis. Nevertheless, only Caucasian and Asian populations were investigated in these majority studies, suggesting the results might exist some merits. As a consequence, more researches should pay close attention to the influence of various factors to guaranty these results more credible in the future.

5. Conclusion
=============

In this meta-analysis, we drew the conclusion that high expressed miR-210 was significantly associated with poor survival in patients with various types of carcinoma, especially in BC and glioma. Besides, more studies should be carried out to confirm these findings in the future. MiR-210 might be the potential to be a prognostic factor in various carcinomas.
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